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This survey was emptied out by 
Maymutid McVicars and Beimai'd &eary. The rnei^cury 
analyses wei^e done h y Ra y m o n d Me Vi cars a n d 
Darryl Russell. The data were compiled a?id th& 
report prepared by B&pnard iSeary 



AH INT1NSI¥1 SU'lWlf OF Ml;HiCORf 
II THE! .EFPLU'lll FROM THl DEYDl'l CHEMICMiS 
AHD THE ,1E:ED. PAPER PLAHTS 

ffOLY 21-25, 1S73 



.IlftlOiD'lJCTION 



DryieH Chemicals,. Limltei, opmxmt&m a merciiry caithodft 
chlair-alkali plant in Dryiep, Ontario. r^ ana .acco.»difif to 
co'iip'any records, produces appro.3cimately 34 tens of chlorine 
per day. The plant is aituated in Glose proxliilty t.o 
Reed Paper Limited (Dryden Divis.ion) , a kraft pulp and 
paper mill that is the prime coii-sni:iie.r of the, chl.O'riii.e 
and caust-lc p,ro€uced by Dryden Chemiic-ais, The water 
uaei in, the chlor^alkali plant is ■t..alceii .from the Watoifoon 
liver, approximately one mile downfltreain from Lake Wabi- 
goom, a.nd the waste water is car,riea by se»er.s thrQ.uf:h the. 
paper inill. The mixed chlor-alkali/kraft mill wastes 
then flow di.reGt.ly into, the Wablgioon .liver .Csee Pigures 
1 .and 2 J „ 

From 1162 to 1570,, Dryden Chemicals released wastea 
contalnlnf :iier.cmry without treatmeiit,,, and this has resulted 
in the contamination of aediiient and fish downstream, of 
the plant,. In March, lillO,, a control order from the 
'^Ontario. ■Water lesoiurces .Coiniission was iss'ued dirB^cting 
Bryden Chemlealfi; to co«€ttct iii-plaiit inodi„f icatioins for 
waste water recyclinf , and for treatnieiit o^f mercury CLioiita- 
nlna tad' Ka.,et.e s ^ 

The present facilities for traatinf wastes containing 
,ii,ercury consist of two settling tanks Ccapaclty 60,010^0^ 
and i.0,000 gallona) intO' which me-rcury cois,taiiinated, water 
Is diverted. 

■The tr,eatiient consists of agitation, and p.B aajustii.eiit 



FIGURE 1: LOHER WABIGQON SYSTEfl 
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'Of the waste in the tank, the .addition of 4 00 to. 700' pomds 
O'f sodium sulfide, aii,d followed by thlo.sulfate, Tfee 
reaultlai nercuric sulfide is co-preclpitated with iron 
added: as ferric chloride, and settling is allowed over 
3-4 daya. The tank la emptied witho^ut filtration throutii 
pipes (at the 1 foot level in the 60', 000' gallon tank and 
at the 6 foot leirel in the m,mo fallon tank) into the 
treatment tajflk drain. This treated waste is CMbined with 
mncontaninated water used to ciool the chlor-alkali cells, 
and, somfi krmJ|t mill effluents, and eiierfes in the causieway 
in sewer 13 (aee Figure ,2). The accmnalatea precipitate 
at the bottom, of the fictt.ling tanki; is .reiioved when 
n,ecessary (,atout once a year), mxxmA with cooGrete, and 
buried in a special disposal site in a pit lined with, 
polyBthflene, 

Arisi,n,f from the stipTalatiana cantalned in the ISIO 
control ord.er, Dryden. CheifiiGal.B. Linited is r©iiiir.ed to 
maijitain reeords of all nie,rciiry dischargiBS emanating 
from the plant. The .mercury discharges are also i,ndepen- 
dently ■monitored by the Ontario MinlBitry of the Environaent, 

In Movember, lilB, the chlor-alkali plant plans to convert 
from a mercury cathode process to a pemionic menibrane 
process which does not require the use of mercury. m 
order to provide an up-dated record of all possible sources 
of nercury discharfes fr« the chlor-aifcali and the paper 
plants prior to^ the chanfeover, an intensive survey was 
earried out during the period Ouly lB-,1'5, 1175, Duri,n:g 
this t.iiie, a, laboratory equipped to perform mercury analyse* 
was set mp in the Toifn, of Dryden s.ewafe trea'tiient plant. 
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In conjunction with the mrvef,, .analytical quality coditroil 
stuidies were carried out oo/: 

Cl| The effects oif priesarving ■saiiplea foT mercurf analyaia, 

f2) The differettces,, if any, betweeii in-situ analyses 

aad reaalts obtained at the lorpntQ centrml laboratory. 

(31 Variatio'ns oif results obtained oo a s.erleB. of saiiplea 
iruhniitted to the Frephwater Inatiftut© l>aboiratory in 
'Ifinnlpeif for indepieniaent GOinflr:ni,atiO'n, O'f analf B.e:-SM, 

All O'f ttie data aiii cQinnttants .pertaininf toi the analytiical 
..BQttifeeol, aspects of the survef ■are contalnea in the secpnd 
sectiO'n, of the report. 



SAMP'LIMG 

laiiples for 'MBrcury analysis were taken in 32 o^z. boro- 
.■Billcate glass boittles to^ which pO'tassiuai: piermattganate 
ami .nitric acid had beeii added as pre ser natives ., The, 
saMples were analfied in D-ryden,, msually within twelve 
hour a ot sanipling, .and t.hfi s.aiie saiaples were Bhipped air 
expresB ta> the Toronto laboratories,- where analfses. 
were ■alsO' carried out, within six days oif s^anpling., 
Poitions of eight Bamples were shipped tO' the Freshwat'er 
Institute in Winnipef , Manitoba, after analysla In Dryaen, 
for independent conf imation of the results. 

The poliits at which, s; ample iS were taken are ohowii ■qm, 
Fifure 2 and are deacribed below! 

a| Causeway i 

The causeway is an open ditch ■aboiat 150 yards long 
into which all of the discharges froii :both DirydBtt 
Cheinicals and Reed Paper leBierfe, This total, efflmeiit 
was sainpled as it entered a siiall .lafoon, prioir to 
itfi Gonfluence wlt,h the 'Wabigoon Miyer* 

b} 2 4 Hour Causeway Compogite: 

ThesB aaiiples were t,aken, froiin a, metal bucket ,l,n a. 
small ,shed in which a :ni,echa:nical ooBpoaltor takesi 
a sample of the causeway every 1.5 ■iii,n,u,tes i and empties, 
it into the bucket, CofflpO'rSite sam,ples ■were on. a Oi'^OOi- 
to ,0600 basis, and were provided to t,he Ministry O'f 
the EnvirQnni,en;t analyata by the paper mill staff. 
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Occasional grab samples, were, taken from the compo'- 
siting bucket. 

c) Sewer 11 • 



This is tlie most northerly input into causeway, and 
includes discharges from the bleaching and dyeing 

operations in the paper mill. Samples were taken 
directly from the mouth of the pipe.. 

d) Sewer 10: 



This sewer, which is comprised of three pipes, contains 
most of the water, flow from, the paper mill, and is 

the major input to the causeway. Direct access to 
the pipes was not possible, .but the flow was sufficient 
to allow sampling from the other side of the causeway 
in the direct flow from these pipes. One sample was 
also taken from the sewer IQi compositor which is 
located inside the paper mill. 

e) Sewer 13 i 

This is the most southerly input into the causeway, 
and includes wastes from both the paper mill and the 
chlO'r-alkali plant. Direct access to the mouth of 
the sewer was difficult, and most samples were taken 
approximately 3 feet from the mouth of the discharge 
pipe. Sewer 13 has a compositor, and two samples 
were taken from this compositing bucket. 

f ) .East and West Uncontaminated Lines: 

These are two pipes in the chlor-alkali plant containing 
cooling water for the electrochemical cells. Sampling 
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was done from, small taps on the pipes* This cooling 

water does not come into direct contact with the 
mercury and the east line is discharged without 
treatment, while the west line is recycled as cooling 
water. 

g) Treatment Tank Drain: 

This is the pipe through which the contents of the 
settling tanks are emptied. The sampling point was 
a email tap on the pipe inside the chlor-alkali plant. 

During the discharge of the treated water, a small 

continuo'us flow through this tap collects in a bucket, 
from which several grab s.amples were also taken. 

h) Wabigoon River; 

Samples were taken, above the dam that diverts most 
of the Wabigoon River into the mill. There were also 
samples taken in Lake Wabigoon,, and about one mile 
downstream, of the mill, at the TO'Wn oi Dryden sewage 
treatment plant. 
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ANALYSIS 

The method of analysis for mercury has been described 
in detail elsewhere (J. N. Bishop, et al . , The Determination 
of Mercury in Environmental Samples , M.O.E. Report, 
January, 1973) . The sample is digested with nitric acid, 

sulfuric acid, pO'taesium permanganate, and potassium 
per sulfate for two hours at 8 0°C to ensure breakdown of 
or'ganic materials and to convert all the mercury present 
to the divalent ion. After cooling, the excess potassium 
permanganate is reduced with hydroxylamlne sulfate, then 
the mercury is reduced to its elemental state with stannous 
sulfate. The sample is then aerated, and the resulting 
stream, of air and volatilized mercury is passed through 
an ultraviolet absorption cell, where the absorption at 
253.7 nm is recorded. The absorptiO'n is proportional to 
the mercury concentration of the sample. The limit of 
detection by this method is approximately O^. 0'5 ug/1 (ppb) . 

The same method of analysis was used both at the Toronto 
and Dryden laboratories. Agreement between the results 
of the two laboratories was very good, and the details 

O'f this comparisO'n of the two sets of results appear in 
the second section o^f this report. The accuracy of the 
analyses was checked by the analysis of the National 
B^ureau of Standards mercury solution {SRM # 1642, 1.18 ug/1) 
with each run, oif sa.mples. 
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RESULTS 

The results have been, divided into time periods reflecting 
the batch treatment discharge cycle at the chlor-alkali 
plant. 

July 18-20; 

From July 18 to July 2 0i,. inclusive,, a period in which there 

was no scheduled discharge of treated mercury wastes, 

the concentration of mercury in the causeway ranged 

from 0.3 to 2.8 ug/1, based on ten grab samples. 

On July 20, f a steady increase in mercury concentration from the 

0.3 to 0.5 ug/1 range of July 18 and 19 to 2.8 ug/1 was 

noticed, but there was no apparent cause for this fluctuation. 

July 21 I 

On July 21, the contents of the 60,, 000 gallon settling 
tank were released starting at 1015 and lasting about 
4,. 5 hours. The concentration of mercury in the causeway 
45 minutes before the discharge commenced was 1,8 ug,/l,, 
and during the course of the discharge, the concentratio'n 
ranged from 1,0 ug/1 to 2.9 ug/1, and remained below 2.0 ug/1 
after the discharge. The concentratiO'n of mercury in 
the treatment tank drain ranged from 17 to 210 ug/1, and 
that of sewer 13 ranged from 2.6 to 4.1 ug/1. These levels 
are plo^tted against time in Figure 3, and are listed in 
Table 1. 

July 22-24 i 

During this period, the concentration of mercury in the 
causeway remained quite low, ranging from, 0.2 to 1.4 ug/1, 
based on 12 grab .samples. 



FIGURE 3: FIRST BATCH DISCHARGE (JULY 21) 
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TABLE I 



FIRST BAT'CH DISCHARGE, JULY 21, 1975 



MERCURY CONCENTRATION (ug/1) 



TIME 



0730 
0930 
1030 

1045 
1100 
1130 

12 00 

1215 

1230 

124 

1300 

1315 

1330 

1340 

1400 

1415 

1430 

1440 

1500 

1530 

154 

1600 

1800 

2 04 5 

2200 



CAUSEWAY 



1.8 
1.6 

2.0 

2.9 
1,0 
1.2 

1.4 

1.5 

1-7 

1.5 

1.7 

2.0 
1.7 

1.8 

2.0 
. 9 
1.1 



TREATMENT TANK DRAIN 



SEWER 13 



23 



56 



210 



17 



2.6 



3.6 



4.1 



4.0 
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July 2.5: 

The contents of the 90^, O'O'O gallon settling tank were 
discharged over a period of about 3.5 hours starting at 
0'805. Prior to the start of this discharge, the concen- 
tration of mercury in the causeway was 0.2 ug/1. Over 
the neKt five hours, the concentration ranged from, 0.4 
to 16 ug/1, except for one grab sample from the causeway 
which had a riercury level of 1,50'0 ug/l. The concentratiO'n 
of mercury in the treatment tank drain ranged from 37 to 
400 ug/1, while that of sewer 13 increased from 0.4 ug/1 
prior to the discharge, to 5.4 ug/l. Sewers 10 and 11 were 
also monitored, with ranges of 0.2 to 1.7 ug/l and 0.1 to 0.2 
ug/l, respectively. 

The concentration of mercury in the causeway, the treat- 
ment tank drain, and sewer 13 are plotted against time 
in Figure 4, and listed in Table 2. The concentration of 
mercury in the causeway over the entire study period of 
July 18 to July 25 is shown in Figure 5. 



FIGURE H: SECOND BATCH DISCHARGE (JULY 25) 
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TABLE 2 



SECOND BATCH DliSCHARGE, JULY 25, 197 5 



TIME 



0730 
01740 
0800 
0805 
0830 
0845 
0855 
0900 
0930 
094 5 
0955 
1000 
1030 
1045 
1055 
1100 
1130 
1155 
1200 
1230 
1255 
1300 



MERCURY CONCEN'TRATION (ug/1) 



CAUSEWAY 



0.2 



0.2 



9.8 



0.8 

. 4 



0.9 
0.5 



0.5 

15.00 

16 

5.8 

2.0 
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130 



SEWER 13 
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FIGURE 5: nERCURY IfJ CAUSEWAY 
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DISCUSSIQN 

The most notable feature of the results obtained in this 

survey is the large fluctuation in mercury doncentration 
both in the treatment tank drain and in the causeway. 

During the first batch discharge, the co^ncentration of 
mercury in the treatment tank drain varied by a factor 
0:f nine, and that in the causeway by a factor of three. 

The second batch discharge resulted in variations in the 
concentration of mercury in the treatment tank drain of 

a factor of eleven, and in the causeway, the co^ncentration 
varied by a factor of eighty (neglecting the result of 
1,,50'0 ug/1) . 

The average batch discharge (using figures reported by 
Dryden Chemicals) is about 50,0i00 gallons, and takes 
place over approximately four hours, so that it contributee 
12,500 gallons/hour to the effluent. The total flow through 
the causeway is about 31,000,000 gallons/day (based on 
company figures) or approximately 1,292,000 gallons/hour. 
Assuming that a simple dilution effect occurs, the mercury 
cO'ncentration in the causeway should be about o^ne hundred 
times lower than that in the treatment tank' drain. The 
concentration O'f mercury in the causeway, particularly 
in the second batch discharge, varied over such a wide 
range that factors other than simple dilution must be 
operative. 

The order of magnitude f luctuatio^ns in mercury concentrations 
both in the treatment tank drain and the causeway suggest 

that the mercury is in particulate form. This hypothesis 
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is plausible in view O'f the treatment process used 
to remove mercury from the contaminated chlor ^alkali • 
wastes. The one causeway grab sample with a mercury 
conicentratio« of l^SO'O' ug/1 could be explained by the 
presence in the sample bottle of a single mercuric 
sulfide particle with diameter 0'.0'7 cm in the sample 
bottle. 

The effects of flow dynamics in the causeway and varia- 
bility in the composition of the kraft mill effluent 
could also contribute to the observed fluctuations in 

the concentration of mercury in the causeway. 

Dryden Chemicals estimates the amount of mercury in 
the discharge by determining the mercury concentration 
in a single grab sample from, the treatment tank drain, 
and multiplying this figure by the volume of water in 
the tank. An expected range for the mercury concentration 
is established by analyses of the top and bottom, of the 
treatment tank contents prior to release. In view of 
the observed fluctuation in the mercury level in the 
treatment tank drain, the analysis of a single grab sample 
is not adequate to estimate the mercury discharged to 
the Wabigoon River, from the batch treatment process. 

The contents of the treatment tank do not represent the 
only source of m,ercury input to the river from the chlor- 

alkali plant. The total effluent from this plant, exclusive 
of the batch discharges, is appro.ximately 1,500,00'0 gallons 
per day, (based on company figures) through the east 
uncontam,inated line. Based on the results of seventeen 
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analyses O'f the contents of this, line over the last two 
years I the average mercury concentration in this line 
is 2.8 ug/li so there is a daily loading o^f 0.044 lb/day 
from this sO'Urce, 

In addition,, the background concentration of mercury in 
the Wabigoon River must be considered. Repeated analysis 
over the past two years has yielded results consistently 
belO'W 0.1 ug/1 for the Wabigoon River upstream of the 
plant. Using 0.1 ug/1 as a high estimate of this back- 
ground concentration,- a contribution O'f O.QiSl lb/day 
mercury to the gross loading can be calculated due to 
this input. 

Since these are the only known inputs o-f mercury into 
the causeway from, the chlor-alkali plant, a daily 
loading can be estimated, and this can be compared with 
the loading calculated from the average causeway con- 
centration. The average causeway con,centration was no't 
calculated as the arithmetic mean of each day's results, 
since the sampling frequency was higher during the batch 
discharges, and this wonld introduce a high bias intO' 
the averages. For each day from July 20 to July 25, 
however, there are results of the causeway mercury concen- 
tration for the time periods 0700-1159, 1200-1659, and 
1700-2200. Therefore, the results for these time periods 
for each day were averaged, and the mean of these three 
averages was used as an estimate of the mean daily 
mercury concentration in the causeway (a concentration 
of 1 ug/l was used for the time period 1700-2200 hours on 
July 25, for which no data was available). The mean daily 
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causeway concentration was multiplied by 31,000,000 
gallons to obtain the daily m,ercury loading intO' the 
Wabigoon River . 

The calculated loading due to the uncontami_nated chlor- 
alkali lines, background water concentration, and treatment 
tank diecharges (using both Dxyden and MOE estimates of 
the concentration of mercury in the treatment tank drain 
for each discharge) are listed in Table 3 along with the 
observed loadings, the mean mercury concentration in the 
causeway, and the daily mercury loadings reported by 
Dry den Chemi ca 1 s . 

It is obvious from the discrepancies between the calculated 
and observed loadings of mercury into the Wabigoon River 
that there are other sources of mercury in the chlor= 
alkali/pulp and paper complex aside from the treatment 
tank discharges, input from the east uncontaminated line, 
and background concentration in the Wabigoon River. 

The above conclusions, as well as the unexplained rise 

in the concentration of mercury in the causeway from 0.5 
to 2.8 ug/1 that occurred on July 20 would indicate input 
from another source. Possibilities of alternate so^urcee 
of mercury input could be an accidental leak of mercury- 
containing brine into the cooling water surrounding the 
chlor-alkali cells, housekeeping practices such as floor 
washing or tank overflow, various inputs of mercury from 
the pulp and paper mill, and gradual elimination of 
residual mercury remaining either in the sewers or the 
causeway. 



TABLE 3 



CALCULATED MERCURY LOADINGS 



Average Mercury 
Date Concentration in Caueeway 
(ug/1) 



July 20i 
July 21 

July 22 
July 23 
July 24 

July 2 5 
July 2 5* 



1.0 
1.7 

0'.7 
0i,7 
0'.4 

3.5 



Calculation I 



0.307 
0.518 
0.213 
0.213 
0.122 
18 
1.07 



Mercury Loading (lb) 



t 



Calculation II CalculatiO'n III CalculatiO'n I¥ 



0.07 5 
0.104 
0.075 

0.075 
0.075 
0.181 
0.181 



0.07 5 

0.090 
0.075 
0.075 
0.075 
0.198 
0,198 





0.01 



i 


0.1 

0.1 



I 



result of l,50i0 ug/1 neglected 

Calculation It this estimate of mercury loading was obtained by multiplying the average causeway 

concentration by the total daily effluent volume. 

Calculation II: this estiiaate is the sum of known inputs from the east uncontaiiinated line, background 

levels, and the treatment tank discharges using the M.O.E. estimate of the' trea'tment 

tank mercury concentration (average of four grab samples) 

Calculatio'n III: this ^^ estimate is derived in the same manner as calculation II, except that the Dryden 

Chemicals figure (based on one grab sample) for the mercury concentration in the treat- 
ment tank was used. 



Calculation IV: these are the daily loadings reported by Dryden Chemicals. 



EVALUATION O'F FIELD ANALYSES 

FOR .MERCURY IN WATER 
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INTRODOCTION 

In view of the need tO' have a cross-check of analytical data 
from the Dryden plant,, the samples were analyzed both in, the 
field and in the Toronto central laboratory. The availability 
of a significant population of such duplicate analytical results 
for mercury afforded an excellent opportunity to statistically 
compare the two sets of results. Since there were essentially 
no differences in analytical methodology, reagents used in 
the procedure,, or instrumentation, any differences in the two 
sets of results could probably be attributed to the difference 
in the elapsed time between sampling and analysis. 

The use of an oxidizing mixture of potassium permanganate and 
acid has been recommended as a preservative for mercury in 
solution at low concentrations by several analysts (1-3) , 
and has been used at the Ministry of the Environment laboratories 
since 1970. Several studies conducted in the laboratory indicated 
that there was no significant loss of mercury from, solutions 
over 6 days, but the results of field analysis of mercury- 
containing waters had not previously been available. 

STATISTICAL CO,MP,ARISON 

Several statistical techniques for the comparison of the two 

sets of results (4) were used, and are briefly described below 
in non-rigorous terms. 

i - Paired t- tests 



The t statistic is calculated from the population of differences 
between pairs of observations, in this case, the results of 

the Dryden and Toronto analysee of the samples.. The hypothesis 

/ • • ^ ^ 
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tested by the statistic is that there is no' significant difference 
in the two^ populations of results, and a high t value results 

in the rejection of this hypothesis. The t-statistic is 
the ratio of the difference between the population means and 
the standard deviation of the population of differences formed 
by subtracting the individual pairs of results. 

ii - Correlation coefficient: 

The correlation coefficient, r, is designed to vary between 

+1 and -1 according to the closeness of the relationship between 

the two sets of results. A coefficient of +1 indicates a 

perfect positive correlation and -1 a perfect negative cor- 

relatio'n, 

iii -- Regression coefficient: 

The regression ooef fie lent, b, is the slope of the line of 
best fit (least squares) through the points if they are 
plO'tted against each other. Two sets of identical results 
would yield a regression coefficient of +1, 

REISULTS 

The results of the various statistical tests o^n the analytical 
data from the two laboratories are listed in Table 4. The 
data was bro^ken down into various ranges of concentration to 

evaluate possible bias in one of the sets of results at 
different mercury levels. 

The t-test indicated that there was no significant difference 
between the two sets of results, and this was confirnied by the 

high correlation coefficients. The regression coefficients 
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TABLE 4 














Concentration 




Mean o^f Dry den 


Mean of Toronto 


Correlation 


Regression 






— 




Range (ug/1) 


N 


Results 


Results 


Coefficient,, r 


Goefficient, b 




t* 






0'-33,00i0' 


m 


441 


459 


0.999 


1.060 


0.037 


(1.982) 






0-100 


m 


4.11 


3.83 


0,967 


0.927 


0.168 


CI. 988) 






O'-IO' 


w 


1.43 


1-34 


0-982 


0.8 92 


0.353 


(1.989) 






0-1 


m 


0.48 


0.4 9 


0.947 


0.975 


0.192 


(2.018) 


1 




0.0.5 


m 


0.29 


0.2:9 


0.890 


0.843 


0.183 


(2.069) 


1 



* The figure in parentheses is the value for t at which there would be 

95% confidence that the observed difference in the means is significant. 
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indicated a tendency for the Toronto results to be lower than 
the Dryden results at the low co^ncentrations, but the trend 

was not statistically significant. 

The percentage difference in the pairs of results was plotted 
against the difference in the elapsed time between the two 
analyses, but no trend was evident (see Figure 6). Figure 7 
is a plot of the two sets of results in the range to 5 ug/1, 

and deiHonstrates the high degree of correlation. 

DISCUSS IQ'M 

Regardless of the range of the mercury concentration in the 
samples considered, there was no significant difference in 
the two sets of analytical data. This indicates that the 
mixture of nitric acid and potassium perm,anganate presently 
used for the preservation of aqueous samples for mercury 
analysis is adequate at least nine days. 

In addition to the duplicate analyses in Toronto and Dryden 
eight of the samples were analyzed in Winnipeg,,, Agreement 
between the Dryden and Winnipeg re,eults was quite good (see 
,Appendix I). The fact that the results of the analyses in 
Winnipeg were slightly higher than those obtained in Dryden 
may be attributed to the fact that no reagent blank subtraction 
was used in calculating the Winnipeg results, because samples 
of the necessary chemicals were not available. 

Analytical accuracy was evaluated by the .analysis of an NBS 
mercury standard solution of 1.18 ug/l. The results of 10 such 
analyses averaged 1.22 ug/l, or 10,3.4% of the reported 
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value. Reproducibility of the analyses averaged 3,5% in the 
Dryden laboratory and 3% in the Toronto laboratorY,, based on 
duplicate and triplicate an,alysis of some of the samples. 
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CONCLUSIONS 

II Every 4 to 5 days, Dryden Chemicals Limitad releases 

35,000 tO' 65,000 gallons of effluent treated chemically 

to remove the mercury. The results of analyses of this 
treated effluent were used in estimating the total release 

of 0,03 to 0.11 lb of mercury due to these discharges. 

,a|i Dryden Chemicals also releases 1.5 million gallons of 
untreated water per day. The average concentration of 

mercury in this effluent was 2.8 ug/1, so a loading of 
0.03 lb per day can be attributed to this input. 



3) 



4) 



5) 



6) 



Based on repeated analyses of the total effluent below 

the Dryden Chemicals and Reed Paper Company plants, an 

estimated daily loading was 0.1 to 1 lb of mercury per 
day. 

There is a large discrepancy between mercury loadings 
calculated from the chlor-alkali plant losses, and the 

loading observed in the combined chlor=alkali and pulp 
and paper mill effluent. 

The concentration of mercury fluctuated over a wide 

range in the combined chlor-alkali and pulp and paper 
mill effluent. Individual samples, therefore, are not 
adequate for the proper assessment of the daily mercury 
loading. To obtain a realistic estimate, composite samples 

are mandatory. 

The preservation method for the analysis of mercury in 
waste water samples was proven to be effective for at 

least nine days. 



4) 
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A.PPENDIX I 

ANALYTICAL RESULTS 



DATE 



July 18 



July 19 
II 

July 2 



July 21 



SAMPLING LOCATION 



causeway 

causeway 

causeway composite (Jul. 17) 

sewer 10 compositor 

sewer 11 

s ewer 1 3 compo s i t or 

c a u s eway compo s i t e ( Ju 1 ,. 1 8 ) 

cause way 

causeway composite (Jul. 19) 

causeway 

causeway compositor 

sewer 13 compositor 

causeway 

causeway 

causeway 

causeway 

causeway 

causeway 

Lake WabigO'On 

causeway 

causeway compositor 

causeway 

causeway 

treatment tank drain 

treatment tank drain bucket 

causeway 

causeway 

causeway 

treatment tank drain 

causeway 



TIME 



0830 



MEIRCO'RY CONCENTRATION (ug/1) 



DRYDEN 



1130 


0.4 


- 


1.1 


1510 


. 4 


1520 


0.3 


1530 


2.3 


- 


. 5 


1010 


0.3 


- 


0.6 


1015 


0.5 


1015 


0.9 


~ 


1.7 


1215 


0.7 


1415 


0.8 


1615 


0,8 


1815 


1.7 


2020 


1.8 


2215 


2.8 


2230 


0.2 


0730 


1.8 


0930 


1.9 


0930 


1.6 


10.3 


2.0 


1045 


23 


1045 


31,000 


1100 


2.9 


1130 


1.0 


1200 


1.2 


1215 


57 


1230 


1.4 



TORONTO 



0.7 
. 4 
0.4 

0.4 

. 3 

2.1 

0.6 

0.3 

0.7 

, € 

1.0 

1.7 

0.7 

0.9 

0.8 

1,2 

1.9* 

2.6* 

0.3* 

2.1* 

2.5* 

1.9* 

2.8* 

32 * 
33,000 

2.7 
1.0 
1.2 

60 
1.5 



analysis performed at Freshwater Institute, Winnipeg, Manitoba. 



/.... 
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1 APPENDIX 


I continued. . • , „ 








' 




MERCURY CONCENTRATION (ug/1) 


1 DATE, 


SAMPLIMG LOCATION 


TIME 


DRYDEN 


TORONTO 


■ July 21 


sewer 13 


1240 


2.6 


2.4 


II 


causeway 


1300 


1.6 


1.4 


H II 


treatment tank drain 


1315 


210 


190 


I'll 


causeway 


, 1330 


1.7 


1.5 


Hi 


sewer 13 


1340 


3.6 


2 . 6 


HI 


causeway 


1400 


1 . 5 


1.0 


H 


treatment, tank drain 


1415 


17 


15 


11 


causeway 


1430 


1.8 


1.6 


M| >• 


sewer 13 


144 


4 , 


3.5 


H 


causeway 


1500' 


2.0 


1.8 


It 


treatment tank drain bucket 


1515 


55 


31 


^B 


causeway 


1530 


1.7 


1.5 


II 


^ sewer 13 


1540 


4.0 


3.0 


Hi 


causeway 


1600 


1.8 


1.4 


II 


causeway 


1800 


2 . 


1.7 


H 


causeway 


2045 


0.9 


0.7 


II 


causeway 


2200 


1.1 


0.9 


H July 22 


causeway 


0900 


1.3 


1 . 3 


9H n 


causeway composite (Jul, 21) 


- 


1 . 3 


1.1 


11 


causeway 


1200 


0.4 


0.4 


H 


causeway 


1500 


0.4 


. 4 


: July 2 3 


causeway 


1630 


0.3 


0.3 


1 


causeway 


0930 


1.0 


1.0 


11 


causeway 


1230 


0.7 


. 5 


1 


causeway 


1530 


0.6 


0.5 


■ it 


causeway 


1900 


0.4 


. 3 


■ July 24 


Wabigoon River 


0950 


0.04 


0,1 


■ 


causeway compos ite (Jul . 2 3 ) 


^. 


0.4 


0.4 


■ 


causeway 


1000 


0.6 


0.5 


1 


sewer 13 


1010 


1,1 


0.9 


ii 

m 


top of 90^ 000 gal. treatment tank 


1120 


9.6 


9.8 


^ 


service water 


112 


0.2 


0.1 



I 



/. 
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■ APPENDIX I continued. ..... 




, 




SAMPLING LOCATION 




MERCURY CONCENTRATION (ug/l) 


I DATE 


TIME 


DRYDEN 


TORONTO 


July 24 


service water 


1130 


,. 5 


0.7 


H 


chlorate ejectO'r water 


1130 


0.5 


0.7 


II 


west unco:ntamin,ated line 


1140 


1.6 


1.4 


M| 


east uncontaiiinated line 


1140 


1.2 


1.0 


H 


Wabigoon River at STP 


1315 


0.3 


. 2 


^ II 


causeway 


1530 


0.3 


0.3 


1 


causeway 


1030 


0.2 


0-2 


II 


causeway 


2345 


0.4 


0.3 


1 July 25 


causeway 


0730 


0.2 


0.3 


II 


sewer 13 


0740 


0.4 


0.4 


H 


sewer 10 


0745 


0.2 


0.3 


II 


sewer 11 


0750 


. 1 


0.1 


Bi 


causeway 


800 


0.2 


0.2 


wB 11 


treatment tank drain 


0805 


390 


450 


IIHl "'" 


causeway 


0830 


9.. 8 


7.7 


H 


treatment tank drain 


0845 


130 


14 


II 


treatment tank drain bucket 


0845 


67 


550 


n 


sewer 13 


0855 


0.9 


0.9 


; II 


causeway 


0900 


0.8 


0.8 


u 


causeway 


0930 


. 4 


0.6 


II 


treatment tank drain 


0945 


37 


43 


H 


sewer 13 


0955 


2.8 


2.4 


H II 


clause way 


1000 


0.9 


1.1 


_^ II 


causeway 


1030 


0.5 


0.7 


w 


treatment tank drain 


1045 


54 


58 


1 It 


sewer 13 


1055 


1.0 


0,9 


■I 


causeway 


1100 . 


. 5 


0.6 


' il 


sewer 10 


1105 


0.5 


0.5 


w 


sewer 11 


1110 


. 2 


. 2 


It 


causeway 


1130 ■ 


- 


1,500 


s 


treatment tank drain bucket 


1145 


7,400 


7,200 



I 



/. 
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I 
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APPENDIX I co^ntinued 



DATE 



July 25 



SAMPLING LOCATIQN 



MERCURY CONCENTRATION (ug/1) 



TIME 



sewer 13 

causeway 

causeway 

sewer 13 

causeway 

sewer 1 

sewer 11 

causeway at outfall pdpe 

causeway 20' below outfall pipe 

Wabigoon River at STP 



1155 
1200 
1230 
1255 
1300 
1305 
1310 
1320 
1320 
1630 



DRYDEN 



5.4 
16 
5.8 
1.5 

2 . 
1.7 
. 2 

2,1 
2.2 



TO'RONTO' 



5.7 
li 
5.1 
1.7 

2.3 
1.8 

0.2 
2.3 
2.6 
1.0 



J 



Ill 
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